The biological control agent, Aphthona nigriscutis (Foudras), has been established in Fremont County, WY, since 1992. Near one release site, a mixed stand of leafy spurge, Euphorbia esula (L.), and a native plant, Euphorbia robusta (Engelm.), was discovered in 1998. During July 1999, A. nigriscutis was observed feeding on both leafy spurge and E. robusta. Thirty-six E. robusta plants were located and staked within a 2-ha area, which had a visually estimated leafy spurge canopy of more than 50%. Eighty-eight percent of the E. robusta plants had feeding damage. By August 2001, the leafy spurge canopy had declined to 6%, and the E. robusta had increased to 450 plants with just 5.7% having feeding damage. In subsequent years, the data followed the same pattern; however, in 2007, no feeding damage was observed. At that time, leafy spurge groundcover was just 3%. For the 9-year period, leafy spurge canopy was inversely correlated to E. robusta density and positively correlated to A. nigriscutis feeding damage, suggesting that as leafy spurge density declined so did A. nigriscutis feeding on E. robusta.
Introduction
Site 1, a parcel of land 5 km southwest of Lander, Fremont County, WY, has been infested with leafy spurge, Euphorbia esula (L.), for over 30 years. Aphthona nigriscutis (Foudras) was redistributed to this site in 1996 from locally established populations. While monitoring A. nigriscutis at site 1, we observed a small colony of a native spurge, Euphorbia robusta (Engelm.) Early in the leafy spurge biological control effort, E. robusta had been identified as a species of interest because it is closely related to leafy spurge, both belonging to the subgenus Esula, is a perennial that could support the long life cycle of Aphthona beetles and is sympatric with leafy spurge in North America (Pemberton, 1985) . In 1997 and 1998, we observed E. robusta plants with feeding scars on the leaves and occasionally saw A. nigriscutis feeding on the plants. A few of those plants were marked for future monitoring, and the next year, the marked plants were gone. This feeding activity by A. nigriscutis could have been anticipated. An examination of the petitions to introduce Aphthona flava (Pemberton and Rees, 1990) , Aphthona cyparissiae (Pemberton, 1986) and Aphthona czwalinae (Pemberton, 1987) in the United States showed that acceptance of E. robusta was almost as high as for leafy spurge. E. robusta was not used for host testing A. nigriscutis (Pemberton, 1989) .
Early host-plant testing was designed to demonstrate that new biological control of weed agents would not attack economically valuable crop species. In recent years, testing also encompasses the impacts that biological agents might cause to native species. Rhinocyllus conicus (Frölich), a biological control agent for musk thistle, Carduus nutans (L.), has been found to impact a wide variety of native thistles, some endangered (Gassmann and Louda, 2001 ). Increased concern has stimulated a call for greater scrutiny of new biological control agents, more thorough study of the target species before release and post release tracking of host range under field conditions (Waage, 2001) . It is in the spirit of post-release evaluation that these data are offered.
Materials and methods
Between May and August of 1999, site 1 was visited several times, and E. robusta plants were located, marked and photographed. The soils there are red loam, 50 to 150 cm deep. The site slopes 10° to 20° to the northeast. Average annual precipitation is 33 cm, although over the last 5 years, rainfall has been 50% to 75% of the normal rate.
The 2-ha study site included 36 E. robusta plants whose latitude and longitude had been recorded, and each was numbered using a wooden stake. Leafy spurge ground cover was estimated in 1999 and 2000. In 2000, the leafy spurge density was determined by taking 36 samples across the site using a randomly placed metre-square frame. In 2001, a permanent grid was established across the site at 15-m intervals, and ground cover for leafy spurge, E. robusta, annual and perennial grass and forbs, trash and bare ground were sampled annually at each grid intersection using a point frame and recording only the first contact with each pin (Levy and Madden, 1933) . Plant density was determined after centring a metre-square frame over each grid intersection. Sampling dates were timed to capture maximum vegetation growth in late July to late August. Each marked E. robusta plant was revisited several times each summer from 2000 to 2007 and examined for feeding damage. Newly discovered E. robusta plants were marked with numbered wooden stakes, and the latitude and longitude were recorded and added to the list of plants to monitor.
Leafy spurge and E. robusta plants were dug and roots inspected for larvae and larval feeding damage. Ten leafy spurge and two E. robusta plants from near the study site were inspected in fall of 2000, and 12 plants per species from inside the site boundaries were inspected in 2001 . In 2003 
Results
Ground cover by plant class has been relatively constant since 2001. Leafy spurge ground cover fell from 50% in 1999 to 10% in 2000, 6% in 2001, and 6%, 9%, 9%, 5%, 2% and 3% through to 2007, respectively. Leafy spurge density did not show the same declining trend as leafy spurge groundcover (Table 1 ). This was explained by the reduced size in the individual plants. In 1999, the leafy spurge was 25 to 50 cm tall and heavily branched, while in later years, plants are mostly less than 20 cm tall, single stemmed and non-flowering.
The E. robusta population Feeding impacts of a leafy spurge biological control agent on a native plant, Euphorbia robusta had minor feeding. An increase in actual numbers of plants with feeding temporarily followed the increase in total plant numbers but essentially fell to zero after 2002 with 2006 being the only exception (Fig. 1) . No larval feeding by A. nigriscutis on E. robusta was observed. In the fall of 2000, larvae could be found on the roots of three out of ten leafy spurge plants dug up at site 1. None were found on two E. robusta plants dug near this study site. In 2001, ten more plants for each species were dug up. Two of the E. robusta were plants with recorded adult feeding that year. No larvae were found on either species. In 2003, of the 30 plants of each species that were removed to the glasshouse with soil intact, only the leafy spurge produced any A. nigriscutis (Wacker and Butler, 2006) .
Discussion
As the E. robusta population increased over time, the number of plants with feeding damage decreased in numbers and percentages (Fig. 1 ). It appears that E. robusta was competitively suppressed by leafy spurge because, over the same period while the leafy spurge groundcover declined, the E. robusta population increased.
The feeding damage on E. robusta lagged a year behind the groundcover decline, suggesting that the adult feeding by A. nigriscutis in 2000 was more closely related to the leafy spurge ground cover in 1999 than in 2000 (Figure 1 ). The population at site 2 remained relatively constant over the same period with a similar turn over in plants as site 1, suggesting that E. robusta is a short-lived perennial with regular death and recruitment. Only where there was a decline in competition from the leafy spurge was there an increase in population recruitment.
Even though host-specificity testing predicted that E. robusta should be a good host for the Aphthona beetles, with 80% to 100% feeding acceptance and completed reproduction in the laboratory (Pemberton, 1986 (Pemberton, , 1987 (Pemberton, , 1989 , observations at site 1 indicate that A. nigriscutis only fed heavily on E. robusta when its primary host leafy spurge was plentiful and able to support the biological control agent in large numbers. Even with a 15-fold increase, E. robusta did not show up in the ground cover measurements nor did it fill the space vacated by leafy spurge (Table 1) .
It is not known if A. nigriscutis can complete its life cycle on E. robusta in the field. However, the strong correlation between the decline in leafy spurge with the decline in beetle damage to E. robusta and the absence of A. nigriscutis larvae on the E. robusta roots suggests that we observed a transient adult-feeding effect. A comparison of root morphology could explain this. The leafy spurge root is smaller in diameter and has more root hairs close to the surface, which may provide a better food source for developing larvae than E. robusta (Wacker and Butler, 2006) . If E. robusta was a good developmental host for the beetle, then it would have been unlikely for the adult feeding to decline and the density of the E. robusta plants to increase with leafy spurge decline (R.W. Pemberton, 2003, personal communication) . This is in keeping with observations made in 1998 and 2001 at Camel's Hump west of Medora, ND. In 1998, this site was heavily infested with leafy spurge, which supported populations of A. nigriscutis and Aphthona lacertosa (Rosenhauer). The insects were superabundant, and millions were collected for redistribution in just a few hours. Every blade of grass had notches in the leaves, and the insects could be observed feeding The changes over time for leafy spurge ground cover (%), Euphorbia robusta population size, feeding incidence (%) and number of E. robusta plants with feeding.
on every plant species present. By 2001, leafy spurge was nearly gone. At that time, no Aphthona sp. was observed feeding activity on any species other than the few remaining leafy spurge plants. Waage (2001) reported two parallel occurrences where weed biological control agents attacked non-target species during the epidemic period of agent development when the host plants were abundant. A lace bug, Teleonemia scrupulosa, released against Lantana camara in sesame crops in Uganda attacked the crop at peak populations (Davies and Greathead, 1967) , and a leaf beetle, Zygogramma bicolorata, released against Parthenium hysterophorum, attacked sunflowers in India during population explosions (Jayanth et al., 1993) . In both cases, a decline in host-plant numbers resulted in a decline in the biological control agent and the non-target feeding stopped (Davies and Greathead, 1967; Jayanth et al., 1993) . The Aphthona beetles are proving to be excellent biological control agents that severely impact their target weed, leafy spurge, in the United States (Nowierski and Pemberton, 2002) . Their reputation can only be enhanced by these recently observed modest transient effects on their most likely non-target host, E. robusta.
